Abstract. Adipose tissue-derived hormones (adipocytokines), such as adiponectin, leptin, resistin and visfatin, and the pancreatic hormone insulin, have been suggested to play a role in carcinogenesis. We therefore hypothesized that the oncological treatment of breast cancer may alter the serum levels of these adipocytokines and insulin. In this study, we aimed to compare the serum levels of adipocytokines and insulin between the pre-and post-treatment period in patients with breast cancer. In this prospective study, 20 consecutive patients with stage II and III breast cancer underwent breast-conserving surgery or total mastectomy and/or axillary dissection. The patients received adjuvant chemotherapy and radiotherapy, if necessary. Blood samples were obtained during the preoperative period and postoperatively after completion of the adjuvant therapy. There was no statistically significant difference between the pre-and post-treatment levels of visfatin, adiponectin and leptin. However, the serum insulin and resistin levels and insulin resistance were found to be statistically significantly increased following treatment (P<0.05). Post-treatment resistin levels were positively correlated with insulin resistance (r=0.45, P<0.05). Therefore, oncological treatment of stage II and III breast cancer did not affect visfatin, adiponectin and leptin levels, but statistically significantly increased resistin levels and insulin resistance. In addition, the post-treatment resistin levels were positively correlated with insulin resistance, suggesting that resistin may be involved in the development of insulin resistance in breast cancer patients following treatment.
Introduction
Obesity and estrogens have long been implicated in the pathogenesis of breast cancer (1) . Adipose tissue is known to be a site of peripheral aromatization of adrenal androgens to estrogens, which in turn induce mitogenic activity in breast tissue. Additionally, obesity is strongly associated with insulin resistance characterized by hyperinsulinemia, which is also suggested to play a mitogenic role in the development of breast cancer (2) .
Apart from aromatization of adrenal androgens, adipose tissue secretes a variety of proteins, referred to as adipocytokines, that may also play a role in breast carcinogenesis. Multiple studies have been designed to elucidate the association between breast cancer and adipocytokines, such as leptin, adiponectin, visfatin and resistin. Although there are conflicting results in the literature, high leptin (3, 4) , visfatin (5) and resistin (6,7) levels and low adiponectin (8) levels appear to be associated with increased breast cancer risk.
Since adipocytokines are hormones, their levels in the blood may be affected by several factors. It is of interest whether the tumor mass itself or the various factors secreted into the bloodstream by the tumor affect the blood levels of adipocytokines. A recent study demonstrated that leptin is produced by tumor cells, suggesting that removal of the tumor may decrease the circulating levels of this adipocytokine (9) . Thus, we hypothesized that the levels of adipocytokines may be altered by surgical removal of the tumor mass and medical treatment of the disease. If so, these cytokines may be used as markers during the follow-up after breast cancer treatment. The aim of this study was to compare the pre-and post-treatment serum levels of leptin, adiponectin, visfatin, resistin and insulin in patients with stage II and IIIA breast cancer.
Patients and methods
Patients. A total of 20 consecutive patients with operable stage II and III breast cancer were included in this prospective study. Patients with metastatic disease, diabetes mellitus and chronic medical conditions, such as obstructive pulmonary disease and congestive heart disease, were not included in the study. All the patients were newly diagnosed, histologically confirmed, adult patients with breast cancer, who were treated at the Department of General Surgery, Faculty of Medicine, Celal Bayar University (Manisa, Turkey) between 2008 and 2012. The study protocol was approved by the Ethics Committee of the Faculty and informed consent was obtained from each patient prior to inclusion in the study. Blood samples were obtained from the antecubital vein on the day prior to surgery between 8:00 and 9:00 am after an overnight fast, and at 6 months after surgery. All the patients completed their oncological treatment including chemo-and radiotherapy within this 6-month period. For adiponectin, leptin, resistin, visfatin and insulin studies, the blood was immediately transferred into a tube containing EDTA and centrifuged. The serum samples were then maintained at -80˚C until further analysis. All the samples from each patient were run in the same assay. Serum adiponectin, leptin, visfatin and resistin levels were measured by ELISA kits (Millipore Corp., Billerica, MA, USA). Serum insulin was measured by an auto-analyzer (niCel DxI 800; Beckman Coulter, Brea, CA, USA).
Statistical analysis. The Wilcoxon signed-rank test was used for the analysis of biomedical data. Two-tailed probability values were calculated. The correlation between post-treatment resistin levels and insulin resistance was assessed by the Pearson's correlation coefficient. P<0.05 was considered to indicate a statistically significant difference. Statistical analysis of the data was performed using SPSS statistical software, version 17.0 for Windows (SPSS, Chicago, IL, USA).
Results
Patient characteristics. The mean age of the patients was 51 years (range, 26-71 years). Of the 20 patients, 13 were considered as obese (BMI>30 kg̸m 2 ). Oncological treatment did not alter the BMI values of the patients (P>0.05).
Pre-and post-treatment serum adipocytokine and insulin levels. There was no statistically significant difference between the pre-and post-treatment levels of visfatin, adiponectin and leptin. However, the serum insulin and resistin levels and insulin resistance were found to be statistically significantly increased following treatment (P<0.05) ( Table I and Fig. 1 ).
In addition, the post-treatment resistin levels were positively correlated with insulin resistance (r=0.45, P<0.05).
Discussion
Adipose tissue is a complex and metabolically active endocrine organ. Adipocytes, as well as the non-adipocyte fraction of the adipose tissue, synthesize and secrete several hormones, such as leptin, visfatin, resistin and adiponectin, referred to as adipocytokines.
In brief, leptin regulates the body's fat stores, induces cell proliferation, promotes angiogenesis and inhibits cellular apoptosis (8) . The role of visfatin and resistin in carcinogenesis is not as clear as that of leptin. A basic research study revealed that visfatin may contribute to breast cancer etiopathogenesis by augmenting cell proliferation through stimulation of cell cycle progression and by increasing the expression of genes that are crucial for angiogenesis and metastasis (12) . Resistin is secreted from adipocytes and, particularly, from monocytes in the adipose tissue and is suggested to be involved in inflammatory processes, including obesity-related subclinical inflammation, atherosclerosis, cardiovascular disease and rheumatic disease (13) ; its role in malignant tumors has not been yet established, but it was suggested to be involved in carcinogenesis. Adiponectin has been found to exert an antiproliferative effect on various breast cancer cell lines (14) and has been suggested to be an anticarcinogenic hormone.
Although the results reported in the literature are conflicting, it appears that the circulating levels of leptin, visfatin and resistin are increased and the levels of adiponectin are decreased in patients with breast cancer compared with those in healthy controls. However, the cause of the differences in adipocytokine levels between patients and controls has not been fully elucidated. Adipocytokines secreted by the tumor mass itself or the biologically active substances secreted by the tumor, which may stimulate or inhibit the production of adipocytokines by the adipose tissue, may be the cause of this difference. If so, removal of the tumor will obviously decrease the levels of visfatin, leptin and resistin and increase the levels of adiponectin in cancer patients.
To the best of our knowledge, this is the first study to evaluate the effect of surgical and medical treatment of breast cancer on the circulating levels of adipocytokines in the blood. In one of our recent studies, we investigated the effect of the surgical removal of the tumor on adipocytokine levels in patients with colorectal cancer and observed a statistically significant decrease in only the adiponectin levels following treatment (15); serum ghrelin, resistin and visfatin levels, however, were found to be unchanged, despite cancer treatment. In the present study, despite radical treatment, we did not identify any significant differences between the pre-and post-treatment levels of visfatin, leptin and adiponectin in breast cancer patients. Only resistin levels were found to be significantly increased following treatment. It appears that the tumor mass itself exerted no or little effect on the levels of visfatin, leptin and adiponectin in our study.
The main difference between the two measurements of resistin levels in our study is the oncological treatment that the patients received, which included chemotheraphy and radiotherapy. Resistin, as previously mentioned, is closely associated with various inflammatory processes. Radiation is one of the main causes that activate inflammation in the tissues undergoing radiotherapy. The ionization events and free radicals produced by radiation cause damage to vital cellular components. DNA damage from radiation commonly leads to cell death during the first cell division, or within the first few divisions following irradiation, leading to inflammation (16) . Additionally, radiation activates various cellular signalling pathways (17) that lead to the expression and activation of proinflammatory and profibrotic cytokines (18) (19) (20) , vascular injury (21) and activation of the coagulation cascade (22) . These changes may be involved in the development of oedema, inflammatory responses and the initiation of wound-healing processes. A total of 75% of the patients received radiotherapy in our study. The blood samples for adipocytokine analysis in our patients were collected immediately following completion of the radiation therapy, as determined by the study design. Therefore, we hypothesized that radiotherapy-induced inflammation may be the cause of the increase in resistin levels in the patients in our study. However, since this is only a hypothesis, prospective randomized studies are required to determine the effect of radiotherapy on the serum resistin levels of breast cancer patients.
In the literature, it has been reported that the risk of breast cancer is increased in association with obesity and diabetes, both of which are characterized by increased insulin resistance, with consequent increases in the circulating levels of insulin and glucose (23, 24) . Insulin promotes cell proliferation (25, 26) and enhances breast tumor growth in animal models (27, 28) . Therefore, we may hypothesize that high levels of insulin or glucose may be involved in the etiology of breast cancer. The few prospective studies to date that have directly investigated the association between fasting glucose and insulin levels and the risk of incident breast cancer have yielded conflicting results (29) (30) (31) (32) . The aim of our study was not to determine whether high insulin levels induce breast cancer, but rather to identify any changes in fasting insulin levels between pre-and post-treatment measurements. There was a statistically significant increase in insulin levels and insulin resistance during the post-treatment period in our patients, whereas there was no change in glucose levels.
Certain factors may have induced an increase in the insulin levels in our study. One of these factors may be the metabolic disturbance observed following adjuvant breast cancer therapy. Guinan et al (33) investigated the alterations in metabolic and insulin resistance parameters from the time of breast cancer diagnosis to completion of adjuvant breast cancer treatment, and reported that patients with breast cancer, without other serious comorbidities, demonstrated a significant deterioration in their metabolic profiles, characterized by increases in fasting insulin and associated insulin resistance. Despite the observed increased fasting insulin levels, fasting glucose remained unchanged in their study, suggesting that insulin resistance had developed, but that the pancreas was able to compensate sufficiently to maintain glucose homeostasis (34) . There were also no differences regarding the weight and BMI of the patients following completion of the adjuvant therapy. All these results are consistent with the results of our study. The increase in post-treatment insulin levels and insulin resistance was suggested by Guinan et al (33) to be due to obesity, age and estrogen deficiency. Obesity is the most common underlying cause of insulin resistance. It is commonly reported that breast cancer patients frequently gain weight during adjuvant treatment for breast cancer (35) . However, we observed no differences in body weight or BMI in our patients following adjuvant treatment. The other factor that may have contributed to the increase in post-treatment insulin levels and insulin resistance is estrogen deficiency. Insulin resistance is rarely observed in premenopausal women, but emerges with the onset of menopause due to estrogen deficiency (36) . Adjuvant chemotheraphy and tamoxifen treatment may induce ovarian ablation in young patients, leading to early-onset menopause and related metabolic changes (37) . Only 5 premenopausal women were included in our study, whose menopausal status could be affected by oncological treatment. Therefore, the effect of chemotherapy-induced menopause on insulin levels in our study would be minimal, if any. Another cause that may increase insulin levels and insulin resistance in patients who undergo oncological treatment may be the increased levels of resistin during the post-treatment period. Resistin was first identified in 2001 and considered to contribute to insulin resistance. The administration of resistin to healthy mice impaired glucose tolerance and insulin action, and antibody against resistin improved blood sugar levels and insulin action (38) . We observed statistically increased resistin levels in our patients during the post-treatment period. In addition, the increase in resistin levels was positively correlated with the increase in insulin resistance in our study. These findings suggest that high resistin levels induced by the oncological treatment may be the cause underlying the development of metabolic disturbances, such as insulin resistance, in treated cancer patients.
In conclusion, removal of the tumor mass and adjuvant oncological treatment did not alter the serum levels of visfatin, adiponectin or leptin in patients with stage II-III breast cancer in our study. However, the resistin levels were found to be increased. Radiotheraphy-induced inflammation may be the cause underlying the increase in resistin levels during the post-treatment period in our study. The effect of radiotherapy on resistin levels following cancer treatment should be further investigated in well-designed studies. Post-treatment resistin levels were also found to be positively correlated with insulin resistance in our study, which, in turn, suggests that high resistin levels may have affected insulin resistance in our breast cancer patients following treatment.
